Abstract-In example of measurements performed in space with TerraSAR-X, an approach for an accurate antenna charac terization is described. TerraSAR-X was launched in June 2007 and is a highly flexible X-band radar satellite based on an active phased array antenna. Its primary objective is the acquisition of high quality SAR images in a multitude of possible acquisition modes. As this demand is of paramount importance, an accurate characterization of the antenna is a major task, i.e. thousands of different antenna beams being operated have to be determined precisely for compensating the impact of the antenna on SAR data products. Only then, a spaceborne SAR system based on an active phased array antenna can be successfully commissioned.
I. INTRODUCTION
This great amount of beams and modes is one highlight but also a great challenge of the whole mission. On this, a novel antenna characterization approach has been developed and established based on a precise antenna model and the so called PN gating method [2] .
II. ANTENNA MODEL
The model is primarily used to generate the antenna patterns needed by the processing system to correct for the antenna characteristic of each beam. The antenna characteristic is mapped into the acquired SAR signal as the reflection of the ground is overlaid by the gain pattern of the antenna in range.
In azimuth, the pattern is contained in the Doppler spectrum and hence needed for correct Doppler estimation. A second important reason for the antenna model is the optimization of the beam excitation coefficients prior to launch to achieve an optimum performance for the full performance beams in terms of noise equivalent sigma zero and total ambiguity ratio.
The development of the antenna model was driven by three main requirements:
• The great number of more than 10,000 different beams to be calibrated.
• The tight performance requirement of an overall radio metric accuracy goal of better than IdE. From this requirement the accuracy for the antenna model of better than 0.2dE for reproducing the pattern shape and pre dicting the absolute gain was derived.
• The desired short duration of the commissioning phase.
To ensure these requirements, several steps were realized: c) To ensure a short commissioning phase, the verified antenna model was used to support the radiometric calibration as well as for pointing calibration [4] .
III. ON-GROUND VALIDATION
After design and implementation of the antenna model, at first an on-ground validation has been performed. The on ground characterisation was realised in two stages. In a first Antenna, the effects of the satellite and its mounting structure were expected to be small. Additionally, the measurements on satellite level in orbit were expected to be better than the leaf level measurements as three times more TRMs on the complete antenna provide better statistical distribution for the variation of the TRMs.
For the pre-launch validation, all patterns were measured for both polarisation and at five frequencies. After the measure ment, the obtained near fi eld patterns were transformed into the far fi eld using a Fourier transform algorithm. Then, the antenna patterns generated with the antenna model using the embedded patterns were compared to the measured patterns of the complete panel and leaf respectively. The results of this validation on leaf level showed a deviation of less than ±O.2 dB between the simulated and measured antenna pattern within the 3 dB main lobe of the beam [5] .
After the successful on-ground validation of the antenna model, the correct application of the conventions in the an tenna control unit was verified on satellite level. Herefore the complete antenna was already mounted on and connected to the satellite system. Especially the correct handling of the underlying inputs like antenna excitation coefficients, the correct numbering of the antenna elements and the correct steering angle application were successfully tested. Also, the correct update of all changeable antenna parameters like TRM enabling/disabling or excitation coefficients table was verifi ed.
The pre-flight validation proved a very stable and accurate instrument, followed by the successful in-orbit verifi cation as shown in the next chapter.
IV. IN-OR BIT VER IFICATION
The 
A. Antenna Model Verification in Elevation
In elevation, the simulated relative antenna patterns are compared with estimated patterns. The estimates are extracted from SAR images acquired over rain forest in the Amazon basin, Brazil (see Figure 2a» . Amazon rain forest is a quite homogeneous scatterer and the pattern shape is clearly visible in the SAR raw data. However, as this raw data consist of pulses without any processing, the image processed in the nominal SAR processor is used for pattern estimation. In the processing chain, the accurate position and geometry of the acquisition is determined and annotated after azimuth and range compression. Then the antenna patterns mapped in the image data are corrected with the available modelled reference antenna patterns [5] .
For pattern estimation, this pattern correction has to be reversed with the used reference patterns to obtain the original antenna characteristics in the image. Then, the image is freed from disturbances like rivers or de-forested areas using an automatic masking algorithm. The radar image is denoted in beta nought where the backscatter depends on the incidence angle . For the comparison however, the gamma nought has to be derived via the sigma nought using the formula [6] :
Finally all azimuth lines are summed up and the pixel elevation angle transformation is applied to obtain the so called Gamma Profile which is a vector of the mean antenna pattern over elevation angle. An exemplary result is depicted in Figure 2a) . The noisy ripple is the gamma profile, which now can be compared to the modelled reference pattern depicted in red.
The described evaluation was performed for a huge number of acquisitions in different beams and polarisations. The results show a quite excellent accordance between the simulated antenna pattern and the measured gamma profi les. The de viation and hence the accuracy of the antenna model is below ±0.2dB peak-peak. This can be seen in Figure 2b) where the deviation between the reference antenna pattern and the estimated pattern is depicted for the exemplary beam.
Additionally, by fitting a curve into the profile, a noise-free picture can be obtained.
B. Antenna Model Verification in Azimuth
Although the algorithm used in the antenna model for calculating the antenna patterns is equal for elevation and azimuth pattern calculation, both directions were verified to ensure the antenna model quality and by this checked for eventual deviations in the underlying components like power dividers or amplifi ers.
The verifi cation of the antenna pattern in azimuth direction was performed for transmit pattern only using the DLR ground calibration equipment in form of ground receivers [7] as shown in Figure ? ? These receivers record the amplitude of the pulses transmitted by the SAR antenna. Transformed to the antenna elevation angles and corrected by position information, the azimuth antenna pattern is obtained and can 
